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Abstract 
Gallium Nitride (GaN) laser diodes fabricated from the AlGaInN material system is an 
emerging technology that allows laser diodes to be fabricated over a very wide wavelength range 
from u.v. to the visible, and is a key enabler for the development of new system applications such 
as (underwater & terrestrial) telecommunications, quantum technologies, display sources and 
medical instrumentation. 
Gallium Nitride Materials and Devices XI, edited by Jen-Inn Chyi, Hiroshi Fujioka, Hadis Morkoç, 
Yasushi Nanishi, Ulrich T. Schwarz, Jong-In Shim, Proc. of SPIE Vol. 9748, 974819  
© 2016 SPIE · CCC code: 0277-786X/16/$18 · doi: 10.1117/12.2207231
Proc. of SPIE Vol. 9748  974819-1
Downloaded From: http://proceedings.spiedigitallibrary.org/ on 12/23/2016 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx
0 25 5C
. i







1.00 - - --
0.75 - - --

















































 later in this
and the bea
.6mm pack
 current of 
istic tempe









eloped 1,2.  
laser diode 
cladding l






























 of the data 
zite crystal.
processed in







f ~120 K. 
t axis (see f
de character















d a stripe wi
s are HR co
 with ~5% 
rs are mou
s for a 2μm 
e 1a). The d
ltage of ~5 
A single tr
ig.1 b) 3. 
istics, a) LI
different AlG









 nm GaN w








V, a lasing w
ansverse mo













’s, with a t















ts of; i) 0.8
er, iii) 50












































N QW’s with x=0.05, 0.08, 0.12 & 0.16 giving a wavelength emission of ~382nm, 
~405nm, ~425nm, ~439nm at ~10mW cw, 20⁰C (see figure 2).  
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emission of ~382nm, ~405nm, ~425nm, ~439nm at ~10mW cw, 20⁰C 
 
High resolution spectral measurements of the AlGaInN LD’s reveal the fine mode structure with 
a characteristic dominant single longitudinal mode in all of these devices more reminiscent of a 
DFB type of laser device with etched grating, providing optical feedback for mode selection, 
rather than a more standard ‘mode comb’ Fabry-Perot device with no etch grating. 
The spectral output of a ~422nm laser is measured as a function of increasing drive current. For 
200mA (14mW) operation, a dominant single longitudinal mode at 421.6nm, with multiple small 
side modes is observed. As the drive current increases to 250mA (24mW), the dominant single 
longitudinal mode, and  small side modes red shift. At a higher drive current of 300mA (36mW) 
the dominant single longitudinal mode jumps to a spectrally wide (~1-2nm) mode comb as is 
more typical of a Fabry-Perot LD device (see fig.3). 
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Fig 3 The evolving spectra of a LD’s vs increasing drive current mA/optical power mW (cw) at 
20⁰C 
 
Similar single longitudinal mode characteristics has also been observed in the spectral output of 
other AlGaInN laser diodes and was explained by surface roughness inadvertently introduced 
during growth 4 and that the single mode is stabalised by longitudinal mode competition caused 
by optical gain saturation 5. Similarly we observe a surface topology of the order of ~10nm in 
height and a periodicity of 100nm, eventhough the epitaxy growth is done on very low 
defectivity (<5x104cm-2)  GaN substrates with a flatness of <0.1nm 6, the surface topology 
features appear inadvertantly in the last epitaxy layer of growth.  
 
There is considerable interest in using GaN laser technology for next generation atomic optical 
clocks based on Sr (meeting the 88Sr+ cooling transition [5s2S1/2 -5p2P1/2]by using 422nm & 
461nm) and a blue cooling transition for Rubidium (Rb) [4p65s2S1/2 - 4p66p2P3/2] at 
420.2nm). Very narrow linewidths (<1MHz) are required for such applications, however in the 
present GaN LD’s, the single longitudianl mode structure is not stable enough as a function of 
drive current or temperature and the mode will tend to jump. Ideally, a GaN DFB laser with an 
integrated etched grating to stabalise the mode would be considered, however there are 
significant technical challenges to overcome before a GaN DFB laser can be realised. Therefore, 
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in the short term, for stable mode performance, a GaN laser diode in an extended cavity (Littrow 
configuration) has to be considered for atomic clock applications.  
 
The wide wavelength range available to AlGaInN laser diodes allow potential interesting 
applications including, free-space, underwater and plastic fibre telecommunication. Free space 
data transmission measurements were carried out using GaN blue laser diodes. Eye diagrams, 
measured using an Agilent 86105B digital sampling oscilloscope (DCA), are shown in figure 4. 
High frequency data transmission at 1.1 Gbit/s was measured for a laser drive current of 115mA 
and 2.5Gbit/s for 120mA, at which the best Q factor margins are achieved 7.  
 
Figure 4. Eye diagrams at (a) 1 Gbit/s and (b) 2.5 Gbit/s at photo-receiver output. 
 
High-frequency data transmission under water at similar Gbit/s rates (see figure 5) has also been 
measured using a 422nm GaN laser diode demonstrating the suitability of GaN system 
technology for underwater sensing and communications 8. 
 
Figure 5: Eye diagrams showing data transmission for a signal transmitted through water at 
(a) 1 Gbit/s at 125 mA drive current, (b) 2 Gbit/s at 132 mA and (c) 2.488 Gbit/s at 132 mA. 
These results show the potential of AlGaInN laser diodes for use in plastic optical fibre (POF). 
High speed measurements were conducted through varying lengths of 1mm diameter step-index 
plastic optical fiber (SI-POF). A 429nm laser diode was used to conduct frequency response 
measurements through the fiber lengths of 1 m, 2.5 m, 5 m and 10 m versus bandwidth. This 
device had a -3 dB bandwidth of 1.71 GHz in free space and could achieve error-free data 
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transmission at 2.5 Gbit/s, in a similar manner as reported above. The maximum bandwidth 
values achieved for transmission through 1 m, 2.5 m, 5 m and 10 m of fiber were 1.68 GHz, 
1.63 GHz, 1.62 GHz, and 1.1 GHz, respectively. This can be seen below in Figure 6. 
 
 
Figure 6: (a) Current vs bandwidth for varying lengths of SI-POF and (b) Fiber response as a 
function of length. 
 
The wide wavelength range of the AlGaInN material system, from the u.v. to visible, is of 
interest for novel medical applications and has allowed a photonic system to be developed for the 
early detection of oral cancer based on illuminating oral tissue using the wide wavelength range 
and imaging the bio-fluorescence for cancer at a matching excitation wavelength. The 
wavelength of the laser has to be tunable as the matching wavelength depends on the person, 
type of illness and the presence of other chemicals 9. 
 
An alternative system application for nitride lasers is for display applications. A highly compact 
RGB laser light module (with an integrated AlGaInP red laser, AlGaInN green and blue lasers) 
was developed as a light source for pico-displays. The RGB laser light module can be further 
integrated with electronics and micro-optics in a hermetically sealed package 10. 
 
An advantage of low defectivity and high uniformity GaN substrates allows the fabrication of 
GaN laser bars for high power and /or optical system integration applications. The packaging of 
GaN laser bars has to be carefully considered to achieve high performance otherwise issues such 
as thermal roll-over, non-uniform current injection, catastrophic optical damage etc., can limit 
the performance of the bar 11. 
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Figure 9 Individually addressable laser array in operation. 
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